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1.  INTRODUCTION 


Mstalllc  tin  Is  frequently  added  to  pro  pellants  to  act  as 
a  flash  reducer  (1).  The  determination  of  metallic  tin  In  pro* 
pellants  has  been  performed  lodometrlcally  or  polarographlcally,  after 
adding  sulfuric  and  nitric  acids,  evaporating  to  fumes  of  sulfuric  acid, 
and  treating  again  with  nitric  acid  (6).  The  determination  has  also 
been  performed  gravlmetrlcally,  after  treatment  with  nitric  acid, 
filtration,  and  Ignition  to  tin  dioxide  (6).  It  Is  sometimes  necessary 
to  correct  for  Impurities  In  the  tin  dioxide  by  volatilising  the  tin 
with  ammonium  Iodide  0,  6).  tfben  the  tin  Is  present  In  the  propellant 
as  tin  dioxide,  the  determination  must  be  performed  gravlnetrically  (6), 
since  tin  dioxide  Is  not  soluble  in  ordinary  solvents. 

Inasmuch  as  the  above  methods  are  somewhat  tedious,  this  laboratory 
undertook  the  development  of  a  rapid  colorimetric  method.  Hematoxylin 
was  selected  as  the  reagent,  since  it  seemed  to  be  one  of  the  few 
reagents  for  the  colorimetric  determination  of  tin  that  was  applicable 
in  the  presence  of  lead,  an  element  that  is  frequently  found  in  propellants. 

The  use  of  hematoxylin  for  the  colorimetric  determination  of  tin 
seems  to  have  been  first  proposed  by  Tartakovskil  (7),  who  made  the  solution 
slightly  alkaline  with  sodium  hydroxide,  added  hematoxylin,  and  compared 
the  red  color  with  standards.  A  solution  of  stannous  tin  was  used  but 
some  oxidation  probably  took  place  during  the  color  development.  The 
method  Is  unreliable  because  hematoxylin  Itself  produces  a  red  color 
above  a  pH  of  8  (for  this  reason  hematoxylin  finds  some  application  as 
an  Indicator  (9)).  Chariot  (3)  investigated  the  use  of  hematoxylin  as 
a  qualitative  reagent  for  tin  and  other  metals.  Teicher  and  Gordon  (8) 
developed  the  color  at  pH  0.8,  but  the  pink  color  produced  was  not  too 
sensitive  and  did  not  follow  Beer’s  law.  Kojlma  (5),  using  oxidized 
hematoxylin,  developed  the  color  In  a  solution  containing  2  drops  of 
sulfuric  acid  (10%)  per  5  ml  volume. 

Since  none  of  the  above  hematoxylin  methods  for  the  determination 
of  tin  was  considered  entirely  adequate.  It  was  deemed  advisable  to 
Investigate  the  factors  affecting  the  colorimetric  determination  of 
tin  by  hematoxylin. 


II.  SUMMARY 

A  method  Is  proposed  for  the  colorimetric  determination  of  metallic 
tin  in  by  the  use  of  hematoxylin.  A  0.3  gram  saaqple  it 

treated  with  a  mixture  of  nitric,  sulfuric,  and  perchloric  acids,  and  the 
solution  is  evaporated  to  fumes  of  sulfuric  acid.  An  aliquot  it  taken, 
heMtoxylin,  gelatin,  and  sodium  acetate  are  added,  and  tte  solution  it 
heated  for  15  minutes  in  boiling  water.  The  factors  influencing  the 
color  were  studied,  including  the  effect  of  amount  of  gelatin  solution, 
amount  and  age  of  hematoxylin  solution,  initial  acidity,  amount  of 
sodium  acetate  solution  (pH),  volume  at  which  maximum  intensity  of 
the  color  is  developed,  order  of  addition  of  reagents,  time  interval 
between  the  addition  of  hematoxylin  and  sodium  acetate,  heating  time 
in  boiling  water,  temperature  at  which  the  color  is  read,  stability  of 
the  color,  valence  of  tin,  wave  length  at  which  the  color  is  read,  and 
interferences.  The  method  of  developing  the  hematoxylin  color  is  pro¬ 
bably  applicable  to  the  determination  of  other  metals  as  well  as  tin. 


III.  RECCMMEHDATIOHS 


It  is  recommended  that  the  method  described  in  this  report  be 
incorporated  into  MIL-STO-286  and  ether  applicable  government  specification!. 


IV.  S7JDY 

A.  8TUD7  OF  FACTORS  AFFHCTII!06  THE  COLDROSTRIC  DCTBEMIIIAZUI 

OF  Txi  sxaMxomoi 

Effect  of  Amount  of  Gelatin  Solution 


The  lake  precipitated  unless  gelatin  was  present.  The  following 
experiment  was  performed  to  find  out  how  much  gelatin  was  desirable. 

Five  milliliter  aliquots  cf  Standard  Tin  Solution  No.  2  (0.060  mg  tin  and 
0.2  ml  sulfuric  acid)  (see  Reagents)  were  pipetted  into  50  ml  volumetric 
flasks.  Fifteen  milliliters  of  water,  5  ml  of  hematoxylin  solution  (O.IX), 
various  amounts  of  gelatin  solution,  and  10  ml  of  sodium  acetate  solution 
(50%)  were  added.  The  solutions  were  heated  in  a  boiling  water  bath  for 
13  minutes,  cooled,  and  diluted  to  the  mark.  The  transmittance  was  then 
measured  at  585  millimicrons  with  a  Beckman  Model  B  spectrophotometer 
that  had  been  set  to  100  per  cent  transmittance  with  water.  The  resu'.ts 
obtained  (Figure  1)  showed  that  the  amount  of  gelatin  was  not  too  critical. 
The  use  of  4  ml  is  recoomended. 
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Effect  of  Amount  of  Heamtoxylln  Solution 


The  effect  of  the  emount  of  heaetoxylin  solution  was  investigated, 
using  the  sane  type  of  experiaent  as  for  gelatin.  The  aaount  of 
henatoxylin  tns  somewhat  critical  (Figure  2).  Four  milliliters  of 
the  reagent,  measured  accurately,  is  recomsended.  The  use  of  a 
hematoxylin  solution  in  95X  ethyl  alcohol  containing  1  drop  of  hydro* 
chloric  acid  per  100  ml,  as  recommended  by  Teicher  and  Gordon  (8), 
is  essential.  Without  the  hydrochloric  acid  the  solution  darkened 
rapidly  and  erratic  results  were  obtained.  It  is  recommended  that 
the  heutoxylin  reagent  be  prepared  fresh  daily.  The  blanks  tended 
to  increase  as  the  hematoxylin  solution  aged  from  10  hours  to  1  week; 
however,  during  the  same  period  the  Intensity  of  the  color  obtained 
for  the  tin  increased  somewhat  (even  after  setting  the  spectrophotometer 
at  100  per  cent  transmitance  with  the  blank).  The  blanks  leveled  off 
as  the  hematoxylin  solution  aged  from  1  week  to  2  weeks,  but  at  the 
same  time  the  intensity  of  the  tin  color  decreased  somewhat.  The 
hematoxylin  solution  can  be  used  for  up  to  8  dayi^  if  the  curve  is  pre¬ 
pared  on  the  same  day  the  sample  is  analyzed,  or  if  a  standard  is  run 
at  the  same  time  as  the  sample.  It  was  not  necessary  to  filter  the 
hematoxylin  reagent,  since  a  clear  solution  was  always  obtained. 

Effect  of  Initial  Acidity 

Ten  milliliters  of  sulfuric  acid  was  the  optimum  amount  that  should 
be  present  in  the  250  ml  volume  from  which  the  5  ml  aliquot  was  taken 
for  the  color  development.  The  presence  of  more  sulfuric  acid  than 
10  ml  made  it  difficult  to  buffer  the  solution  with  sodium  acetate; 
the  presence  of  less  sulfuric  acid  can  cause  hydrolysis  of  the  tin. 

The  normality  of  the  solution  in  the  230  ml  flask  was  about  1.4;  the 
normality  of  the  solution  after  taking  the  5  ml  aliquot  and  adding 
water,  hematoxylin,  and  gelatin  was  about  0.26. 

Effect  of  Amount  of  Sodium  Acetate  Solution  (pH) 

The  color  intensity  and  pH  increased  with  increasing  amounts  of 
sodium  acetate  solution  (50%),  but  leveled  off  at  about  10  ml  (Figures  3 
and  4).  The  intensity  of  the  yellow  color  of  the  blank  increased  with 
increasing  amounts  of  sodium  acetate  (Figure  5).  From  a  consideration 
of  Figures  3,  4,  and  5,  the  choice  of  10  ml  of  sodium  acetate  solution 
(50%)  (which  gave  a  pH  of  5.4)  seemed  satisfactory.  Better  results  were 
obtained  when  the  sodium  acetate  solution  was  added  at  one  stroke  from 
a  graduate,  rather  from  a  pipet. 

Effect  of  Volume  at  Which  the  Color  is  Developed 

It  is  recommended  that  15  ml  of  water  be  added  to  the  5  ml  aliquot, 
so  that  the  volimte  is  about  38  ml  when  the  solution  is  heated.  When  the 
water  was  omitted  low  results  were  obtained. 
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Effect  of  Order  of  Adding  Re«g«nti 


Setlefectory  results  were  obteiaed  when  the  reegents  were  edded  In  the 
following  order:  heastoxylln,  geletln,  sodium  acetete;  or  hematoxylin, 
sodium  acetate,  gelatin;  or  gelatin,  h^toxylln,  sodium  acetate.  Some  of 
the  lake  precipitated  when  the  reagents  were  added  In  the  following  order; 
sodium  acetate,  hematoxylin,  gelatin;  or  gelatin,  sodium  acetate,  hematoxylin. 
Apparently  the  sodium  acetate  must  not  be  added  before  the  hematoxylin. 

Effect  of  Time  Interval  Between  the  Addition  of  HematoxTlln 

and  Sodium  Acetate 


Since  a  faint  red  color  is  produced  by  the  reaction  of  tin  and  hematoxylin 
In  slightly  acid  solution,  and  requires  up  to  40  minutes  for  full  development 
(8),  It  seemed  advisable  to  find  out  whether  this  color  had  to  be  completely 
developed  before  adding  the  sodium  acetate.  Experiments  showed  that  the 
same  results  were  obtained  whether  the  Interval  between  the  addition  of  the 
hematoxylin  and  sodium  acetate  was  10  seconds  or  4  hours. 

Effect  of  Time  of  Bolling 

The  effect  of  time  of  heating  In  the  boiling  water  bath  Is  shown  In 
Figure  6.  The  color  developed  completely  in  12  minutes  and  decreased  when 
the  heating  time  was  more  than  20  minutes.  A  15  minute  heating  period  Is 
recommended.  It  Is  preferable  to  place  the  flasks  Into  water  that  Is  boil¬ 
ing  vigorously,  and  then  turn  down  the  flame  so  that  the  water  bolls  moder¬ 
ately.  When  the  water  was  boiled  very  vigorously  for  15  minutes,  slightly 
lower  results  were  obtained.  Only  a  very  faint  violet  color  developed  when 
the  solutions  were  not  boiled.  The  boiling  may  have  the  effect  of  converting 
the  hematoxylin  to  a  degradation  product  (possibly  hematln). 

Effect  of  Temperature  at  Which  the  Color  Is  Read 

When  the  solutions  were  In  the  boiling  water  bath,  they  seemed  to  have 
more  of  an  amber  color  than  when  cool.  Therefore,  the  effect  of  temperature 
at  which  the  color  was  read  was  investigated.  The  same  readings  were 
obtained  over  the  range  of  17*  C.  to  30*  C. 

Stability  of  the  Color 

The  color  was  stable  for  8  hours. 


4 


Effect  of  Valence  of  Tin 


In  the  proposed  Mthod  the  tin  Is  In  the  quedrlvelent  stete,  since 
It  Is  oxidised  by  the  treatment  with  nitric,  perchloric,  and  sulfuric  acids. 
To  find  out  whether  divalent  tin  would  give  the  sane  result  as  quadrivalent 
tin,  3  ml  of  a  standard  tin  solution  (1  ml  ■  1.0  mg  of  Sn),  freshly  prepared 
by  dissolving  metallic  tin  In  hydrochloric  acid,  was  pipetted  Into  a  250  ml 
volusmtrlc  flask  containing  water  and  9.8  ml  of  sulfuric  acid.  The  solution 
was  diluted  to  the  mark,  a  5  ml  aliquot  taken,  and  the  tin  color  developed 
as  usual.  The  same  result  was  obtained  as  with  quadrivalent  tin.  The 
explanation  may  be  that  stannous  tin  Is  oxidized  during  the  boiling.  There 
Is  no  danger  of  loss  of  tin  on  evaporating  tin  solutions  containing  hydro- 
chloric  acid  to  fumes  of  sulfuric  acid,  since  neither  stannous  chloride  (10) 
nor  stannic  chloride  (4)  are  volatile  under  these  circumstances. 

Spectrophotometrlc  Curves 

The  spectrophotometrlc  curves  obtained  for  the  color  and  for  the  blank 
are  shown  in  Figure  7.  Water  was  used  as  the  reference  solution.  There  Is 
a  plateau  for  the  transmittance  of  the  color  extending  over  the  range  of 
about  540  to  560  millimicrons,  and  maximum  absorption  probably  occurs  at 
about  550  millimicrons.  The  color  of  the  blank  Increased  over  the  length 
of  the  plateau  region.  From  a  consideration  of  Figure  7,  It  seemed  most 
suitable  to  measure  the  transmittance  at  590  millimicrons  to  reduce  the 
effect  of  the  blank. 


Calibration  Curve 


A  calibration  curve  was  prepared  as  described  under  Preparation  of 
Calibration  Curve.  It  followed  Beer's  lav. 

Interferences 


To  test  the  possible  effect  of  interfering  metals  1  mg  of  the  different 
metals  were  added  to  5  ml  of  blank  solution  and  the  samples  carried  through 
the  procedure.  The  findings  are  summarized  in  Table  I.  For  elements  that 
did  not  Interfere,  further  tests  were  made  In  the  presence  of  tin  (Table  I). 
Arsenic,  barium,  beryllium,  boron,  cadmium,  calcium,  cobalt,  lead,  lithium, 
magnesium,  manganese,  nickel,  potassium,  sodium,  strontium,  and  zinc  did 
not  Interfere.  Aluminum,  antimony,  bismuth,  chromium,  copper,  germanium. 
Iron,  molybdenxim,  titanium,  thorium,  tungsten,  vanadium,  and  zirconium 
Interfered  by  producing  lakes.  Cerium,  mercury,  selenium,  and  uranium 
Interfered  by  giving  colors  of  not  too  great  intensity  that  were  apparently 
not  lakes.  Silver  interfered  by  producing  a  precipitate  of  silver  chloride 
In  the  cold  and  elemental  silver  on  boiling. 
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Luif  b«rium,  and  strontium  did  not  precipitate  as  sulfates  in  the 
above  tests  because  the  solutions  were  mixed  quickly  after  adding  the 
corresponding  salt  (this  was  done  purposely  to  be  certain  that  no  lakes 
would  be  produced  by  these  elements).  In  the  regular  procedure  barium, 
lead,  and  strontium  sulfates  precipitated  after  fuming  with  sulfuric 
acid  and  diluting.  This  was  harmless,  since  in  the  presence  of  these 
metals  (and  also  silica),  the  solutions  were  allowed  to  stand  for  1  hour 
after  diluting  to  the  mark  to  permit  the  precipitate  to  settle. 

The  effect  of  anions  was  investigated  by  adding  0.1  gram  of  differ¬ 
ent  salts  to  50  ml  volumetric  flasks  containing  0.060  mg  of  tin  and  then 
developing  the  colors.  This  amount  of  salt  is  e-iiulvalent  to  S  grams  in 
the  original  250  ml  volume.  The  results  obtained  are  shown  in  Table  II. 
Acetate,  bromide,  chlorate,  chloride,  nitrate,  perchlorate,  phosphate, 
sulfate,  and  tartrate  did  not  interfere.  Nitrite,  sulfide,  sulfite,  and 
thiosulfate  caused  low  results  because  of  their  reducing  action,  while 
chromate  and  iodate  caused  low  results  because  of  their  oxidizing  action. 
Fluoride,  oxalate,  and  thiocyanate  produced  low  results  by  forming 
complexes  with  the  tin.  Iodide  interfered  because  iodine  was  liberated, 
and  permanganate  interfered  because  manganese  dioxide  was  precipitated. 
Carbonate  caused  low  results,  probably  because  of  the  neutralization 
of  the  acid.  Persulfate  caused  high  results  for  some  unknown  reason. 

The  interference  of  nitrite,  sulfide,  sulfite,  thiosulfate,  fluoride, 
oxalate,  thiocyanate,  carbonate,  and  persulfate  would  be  eliminated 
by  the  fuming  in  the  recommended  method  (a  platinum  dish  would  have 
to  be  used  with  fluoride).  The  non-interference  of  chloride,  perchlorate, 
and  phosphate  would  seem  to  indicate  that  the  corresponding  acids  (or 
mixtures  of  these  acids  with  sulfuric  acid)  might  be  used  for  adjusting 
the  acidity  before  taking  the  aliquot.  This  was  not  investigated. 

The  technique  employed  in  this  paper  will  probably  be  useful  for 
the  colorimetric  determination  of  other  metals  (especially  aluminum, 
antimony,  germanium,  thorium,  and  zirconium)  in  addition  to  tin.  It 
must  be  emphasized  that  the  colors  of  the  lakes  shown  in  Table  I  were 
obtained  with  1  mg  of  the  elements.  For  smaller  amounts,  the  colors 
would  probably  resemble  the  brown  and  amber  colors  obtained  with  tin. 

The  violet  color  for  the  lake  was  produced  when  there  was  a  very  large 
excess  of  the  metal  over  the  dye.  One  milligram  of  tin  also  produced 
a  violet  lake. 
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B.  BOMnon  moo  for  m  miMiiiTzai  or  wxauig 

th  n  noRLum 

Reagents 

Henetoxylin  solution  (O.IX).  Dissolve  0.1  gran  of  benatOKylin  In 
80  ml  of  95X  ethyl  alcohol,  add  1  drop  of  hydrochloric  acid,  and  dilute 
to  100  al  with  951  ethyl  alcohol.  Prepare  fresh  daily. 

Gelatin  solution  (IX).  Dissolve  2  grams  of  gelatin  in  200  al  of 
water  by  warming  at  about  50*  C.  Cool  to  room  temperature.  Prepare 
fresh  every  2  days. 

Sodium  acetate  solution  (SOX).  Dissolve  500  grams  of  sodium 
acetate  trihydrate  in  water  and  dilute  to  1  liter. 

Standard  tin  solution  No.  1  (1  al  ■  1.00  mg  tin).  Dissolve  1.0000 
gram  of  pure  granulated  tin  in  100  ml  of  hydrochloric  acid  by -heating 
at  40*  C.  in  a  covered  400  ml  beaker.  Add  about  300  ml  of  water,  cool, 
and  dilute  to  1  liter  in  a  volxmetric  flask. 

Standard  tin  solution  No.  2  (1  ml  ■■  0.012  mg  tin).  Measure  3.0  ml 
of  standard  tin  Ablution  No.  1  into  a  250  ml  beaker,  and  add  10  ml  of 
nitric  acid,  10  ml  of  sulfuric  acid,  and  1  ml  of  perchloric  acid.  Cover 
with  a  watch  glass,  evaporate  to  fumes,  and  then  with  the  cover  lid  ajar 
heat  at  the  highest  heat  of  the  hot  plate  for  12  minutes.  Cool,  add  water, 
cool  again,  and  dilute  to  250  ml  in  a  volumetric  flask. 

Blank  solution.  Proceed  as  in  the  preparation  of  standard  tin 
solution  No.  2  but  omit  the  tin. 

Preparation  of  Calibration  Curve 

Measure  1.0,  2.0,  3.0,  4.0,  and  5.0  ml  of  standard  tin  solution 
No.  1  into  250  ml  beakers,  and  add  10  ml  of  nitric  acid,  10  ml  of 
sulfuric  acid,  and  1  ml  of  perchloric  acid  (70X).  Carry  along  a 
reagent  blank.  Cover  with  watch  glasses,  evaporate  to  fumes,  and 
then  with  the  cover  lids  ajar  heat  at  the  highest  heat  of  hot  plate 
for  12  minutes.  Cool,  add  water,  cool  again,  and  dilute  to  250  ml  in 
volumetric  flasks. 

Plpet  5  ml  aliquots  into  50  ml  volumetric  flasks,  and  add  15  ml 
of  water,  4.0  ml  heiutoxylin  solution  (O.IX)  4  ml^of  gelatin  solution 
(IX),  and  10  ml  of  sodium  acetate  solution  (50X).  Measure  the  hematoxylin 
solution  with  a  pipet  or  buret;  measure  the  other  reagents  with  a  graduate. 
Place  the  volumetric  flasks  into  400  ml  beakers  containing  300  ml  of 
tap  water  that  is  boiling  vigorously,  then  turn  down  the  heat  so  that 
the  water  boils  moderately  and  keep  the  flasks  in  the  water  for  15  minutes. 
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Rtaove  Cht  flasks  and  cool  to  rooai  teaperature  In  a  water  bath.  Dilute 
to  the  aark  and  aeasure  the  transaittance  at  590  aUllBlcrons  with  a 
spectrophotoaeter  that  has  been  set  to  100  per  cent  transiaittance  with 
the  reagent  blank.  Plot  ag  of  tin  In  the  50  al  voluaes against  per  cent 
transaittance. 


Method 

Use  a  saaple  of  such  size  that  the  5  ml  aliquot  from  the  250  al 
voluae  will  contain  preferably  0.05  to  0.08  mg  of  tin  (the  usual  size 

saaple  will  be  0.3  gram).  Transfer  the  sample  to  a  250  ml  beaker,  and 

add  10  al  of  citric  acid,  10  ml  of  sulfuric  acid,  and  1  ml  of  perchloric 

acid.  Carry  along  a  reagent  blank.  Cover  with  a  watch  glass,  evaporate 

to  fumes,  and  then  with  the  cover  lid  ajar  heat  at  the  highest  heat  of 
the  hot  plate  for  12  minutes.  Cool,  add  water,  cool  again,  and  dilute 
to  250  ml  In  a  volumetric  flask.  If  barium,  strontium,  lead,  or  silica 
are  present  allow  to  stand  for  1  hour  at  this  stage  (after  shaking)  so 
that  the  precipitate  will  settle.  Plpet  a  5  ml  aliquot  Into  a  50  ml 
volumetric  flask,  add  15  ml  of  water,  and  develop  the  color  as  described 
under  the  Preparation  of  Calibration  Curve.  Convert  the  reading  to  mg 
of  tin  by  consulting  the  calibration  curve.  Calculate  as  follows: 


I  Sn 


Mg  of  Sn  as  read  from  curve 
Grams  of  sample  In  aliquot  x  10 


Precaution:  The  volumetric  flasks  in  which  the  color  Is  developed 
and  the  spectrophotometer  cells  must  be  rinsed  with  hydrochloric  acid 
before  being  used  for  the  next  determination. 

C.  BBSIIUS  JO&  TIH  IN  FROF^LUNTS 

The  results  obtained  when  a  typical  small  arms  propellant  containing 
metallic  tin  was  analyzed  several  times  by  the  proposed  method  showed 
good  accuracy  and  precision  (Table  III).  Good  recoveries  were  obtained 
on  adding  standard  tin  solution  No.  1  to  0.3  gram  portions  of  a  propellant 
not  containing  tin  and  carrying  the  samples  through  the  procedure 
(Table  IV).  Satisfactory  results  were  obtained  for  synthetic  samples 
containing  lead  stearate,  barium  nitrate,  and  strontium  nitrate 
(Table  IV). 

Experiments  were  also  carried  out  on  a  separation  method,  wherq^y 
the  tin  was  first  Isolated  as  metastannlc  acid.  This  separation  method 
offered  no  advantage  over  the  direct  method,  but  it  did  help  establish 
the  validity  of  the  direct  method  since  the  same  results  were  obtained. 
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In  this  Mpnrntlon  aethod  n  1.2  grna  Maple  wf  treated  with  35  ml  of  nitric 
acid  and  the  tolntlon  boiled  down  to  a  volume  of  10  ml.  Fifty  ■illillters 
of  water  wai  added  and  the  boiling  continued  for  5  minutes.  The  solution 
was  immediately  filtered  through  a  fine  filter  paper  and  the  precipitate 
washed  with  hot  water.  The  precipitate  and  filter  paper  were  treated  with 
a  mixture  of  10  ml  of  sulfuric  acid,  15  ml  of  nitric  acid,  and  3  ml  of 
perchloric  acid.  The  solution  was  fumed  strongly  for  15  minutes,  and 
diluted  to  1  liter  after  adding  30  more  ml  of  sulfuric  acid.  A  5  ml  aliquot 
was  taken. 

The  above  methods  were  not  applicable  to  the  determination  of  tin 
dioxide,  since  that  compound  was  insoluble  in  fuming  sulfuric  acid.  In 
an  attempt  to  develop  a  "universal"  method  applicable  to  metallic  tin  and 
tin  dioxide,  much  work  was  done  on  a  fusion  procedure  whereby  a  0.3  gram 
saiq>le  was  treated  with  5  ml  of  nitric  acid  in  a  platinum  crucible,  the 
solution  evaporated  to  dryness,  and  the  residue  ignited  for  3  minutes. 

The  residue  was  then  fused  with  8  grams  of  potassium  bisulfate,  and  10  ml 
of  sulfuric  acid  was  added  25  seconds  after  turning  off  the  flame  (in  this 
way  no  salts  precipitated).  The  solution  was  then  diluted  to  250  ml  and 
a  5  ml  aliquot  taken.  Although  the  method  seemed  attractive  in  principle, 
the  precision  was  poor  (±  0.2X),  probably  because  of  the  potassium  bi* 
sulfate  and  the  platinum  picked  up  during  the  fusion.  The  method  may  be 
useful  for  determining  tin  dioxide  in  propellants  when  only  a  small  amount 
of  sample  is  available  (the  gravimetric  method  is  not  Mtisfactory  for 
small  size  samples).  In  applying  the  fusion  method  it  is  essential  that 
the  platinum  crucible  be  thoroughly  cleaned  by  a  bisulfate  fusion  to  remove 
traces  of  iron. 
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71.  T4BIZ8 


Table  I.  Effect  of  I  Mg  of  Dlveree  Metalf  on  the  Coloriaetrlc 
Detenination  of  Tin 


Elaaent 


Added  at 


Interference  In  Abience 
of  Tin _ _ 


Interference  In  t 
Pretence  of  0.060 
Tin  CTln  Eicovertd.  Mg) 


Altmlnum 

AICI3 

Violet  lake 

— 

Antiaony 

SbCl3 

Violet  lake 

Bitouth 

BIONO3 

Violet  lake 

Chroalua 

Cr(N03)3 

Blue-vlolet  lake 

— 

Copper 

CUSO4 

Red-violet  lake 

Geraanlum 

Ge02 

Violet  lake 

Iron 

Molybdenum 

Fe2(S04)3 

(■14)2)1004 

Violet  lake 

Blue-violet  lake 

Thorium 

Th(N03)4 

Red-violet  lake 

Titanium 

TICI4 

Violet  lake 

Tungsten 

Na2W04 

Violet  lake 

mmm 

VanadluB 

(V0)2C1 

Zr(N03)4 

Red-violet  lake 

mmm 

Zirconium 

Violet  lake 

— 

Cerium 

Ce  (S04)2 

Orange  color 

Mercury 

HgCl2 

Turbid  brown  color 

Selenium 

H^SeOo 

Brown  color 

•  •• 

Uranium 

U02(C2H302)2  Orange  color 

Silver 

AgN03 

Silver  chloride  and  elemental 

— 

silver  precipitated 

Arsenic 

ASjOc 

BaCl2 

None 

0.060 

Barium 

None 

0.058 

Beryllium 

BeS04 

None 

0.060 

Boron 

H3BO3 

None 

0.059 

Cadmium 

CdCl2 

None 

0.059 

Calcium 

CaCl2 

None 

0.062 

Cobalt 

C0CI2 

None 

0.058 

Lead 

Pb(C2H302)2 

None 

0.061 

Lithium 

LlCl 

None 

0.059 

Magnesium 

MgS04 

None 

0.060 

Manganese 

MnS04 

None 

0.062 

Nickel 

NiCl2 

None 

0.059 

Potassium 

K2SO4 

None 

0.061 

Sodium 

Na2S04 

None 

0.058 

Strontium 

SrCl2 

None 

0.058 

Zinc 

ZnCl2 

None 

0.060 
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Table  II.  Results  for  Tin  In  the  Presence  of  Anions  (0.060  Mg 
Tin  Present) 


Anion 


Salt  Added  (0.1  Grea)*  Tin  Found  (Ma) 


Acetate 

Bromide 

Chlorate 

Chloride 

Nitrate 

Perchlorate 

Phosphate 

Sulfate 

Tartrate 

Nitrite 

Sulfide 

Sulfite 

Thiosulfate 

Chromate 

lodate 

Fluoride 

Oxalate 

Thiocyanate 

Iodide 

Permanganate 

Carbonate 

Persulfate 


NaC2H302 

NaBr 


NaClO^ 

Nad 

NaN03 

N^4C104 

Na2HP04 

Na2S04 

(NH4)2C4H406 

NaNOo 


Na2S 

Na2S03 


NaI03 

KF 


®^2^2®4 

NaCNS 

KI 

KMn04 


0.062 

0.0S8 

0.059 

0.060 

0.058 

0.062 

0.058 

0.060 

0.063 

0.023 

0.00 

0.00 

0.00^ 

0.036 

0.018 

0.036 

0.034 

0.030 

0.071 

Manganese  dioxide  precipitated 
0.038 
0.074 


^  Water  of  crystallization  not  Included. 

^  Visual  estimation  because  some  sulfur  precipitated. 


Table  III.  Results  for  Tin  in  a  Typical  Propellant  Containing  Tin* 


Tin  Found  (7,) 
0.98 
0.95 
1.00 
0.95 
0.95 
0.98 
1.00 


Ave.  0.97 

Std.  Dev.  0.023 


Contained  0.95Z  tin  as  determined  iodooetrlcally  (6),  89.02%  nitro¬ 
cellulose,  0.65%  dlphenylamlne,  0.94%  potassium  sulfate,  6.71% 
dlnltrotoluene,  0.90%  moisture. 
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TabU  IV.  Racovery  of  Tin  froa  Synthatlc  Saaplei 


Synthetic  Staple  Tin  Found  (He) 

0.3  grem  M-9  propellent*  4  0.00  ag  tin  0.00 

0.3  grem  M-9  propellent  +  0.50  mg  tin  0.45 

0.3  gran  M*9  propellent  +  1.00  sg  tin  1.00 

0.3  gram  M*9  propellent  -f  2.00  ag  tin  2.05 

0.3  gram  M-9  propellent  <f  3.00  ag  tin  3.05 

0.3  gram  M-9  propellent  -¥  4.00  mg  tin  4.05 

0.3  gram  M-9  propellent  5.00  ag  tin  4.90 

0.3  gram  M-9  propellant  -f  3.00  ag  tin  -f 

0.03  gram  lead  ftearate  3.05 

0.3  gran  M-9  propellant  4  3.00  ag  tin  4 

0.015  gran  barloa  nitrate  3.05 

0.3  gran  M-9  propellant  4  3.00  ag  tin  4 

0.015  gran  atrontlum  nitrate  2.95 


nitrate,  0.75X  dlpbenylaalne. 
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Test  Rtport  T61-8-1 


March  1961 


1  -  Comsaadlng  Officer 
Frankford  Araanal 
Phlladalphla  37,  Pa. 

ATTN:  Thru:  Chief,  1000 

Dap.  Chief,  1000  (1) 

Thru:  Chief,  1100 

Dep.  Chief  for  Rea.,  1100  (1) 

Chief,  1700  (1) 

Thru:  Director  of  Res.  &  Dev., 0100 

CooDandlog  Officer  (1) 

1700,  L.  H.  Adam  (1) 

Chief,  1720  (1) 

1721,  S.  H.  Kalaa  (2) 

Chief,  1723  (1) 

1723,  G.  Norwlts  (3) 


1  •  Aerojet-General  Corporation 
P.  0.  Box  296 
Azusa,  California 
ATTN:  Mr.  E.  M.  Wilson 

1  -  Aerojet-General  Corporation 
P.  0.  Box  1168 
Sacramento,  California 
ATN:  Mr.  T.  P.  Harrington 

1  -  Atlantic  Research  Corporation 
Shirley  Highway  &  Edsall  Rd. 
Alexandria,  Virginia 
ATTN:  Mr.  B.  W.  Black 

1  -  Bureau  of  Naval  Weapons 
Department  of  the  Navy 
Washington  25,  D.  C. 

AnN:  Mr.  J.  J.  Kelly,  Jr.  CS-33 
(Support  Systems,  Munitions) 


1  -  E.  I.  DuPont  DeNemours  &  Co. 
Carneys  Point  Process  Lab. 

P.  0.  Box  152 

Penns  Grove,  New  Jersey 

ATTN:  Mr.  E.  I.  Johnson 

1  -  Commander 

Air  Force  Flight  Test  Center 
Edwards  Air  Force  Base,  Calif. 
ATTN:  FTRSC 

Lt.  H.  Bankaltls 

1  -  Hercules  Powder  Company 
Allegany  Ballistics  Lab. 

P.  0.  Box  210 
Cumberland,  Maryland 
ATTN:  Mr.  E.  E.  Right 
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1  •  Rareulti  Powdtr  Coap«ny 
Ktnyll,  Ktv  J«rf«7 
ATTN:  Mr.  H.  A.  Read 

1  -  CoMumdlng  Officer 

U.  S.  Havel  Ordnance  Lab. 

White  Oak, 

Silver  Spring,  Maryland 
ATTN:  Dr.  J.  M.  Roaen 

Organic  Cheaietry  Div. 

2  •  Ccananding  Officer 

U.  S.  Naval  Ord.  Teat  Station 
China  Lake,  California 
ATTN:  Mr.  R.  R.  Pieraon, 

Code  S0S2 
Mr.  E.  Julien, 

Code  4521 

2  •  Coomanding  Officer 

D.  S.  Naval  Propellant  Plant 
Indian  Head,  Maryland 
ATTN:  Mr.  H.  L.  SUlcup 
Dr.  Mae  Fauth 

1  •  Olin  Mathieaon  Chemical  Corporation 
P.  0.  Box  508 
Marion,  Illinois 
ATTN:  Mr.  R.  J.  Thiede 

1  -  Olin  Mathleson  Chemical  Corporation 
Explosives  Division 
Quality  Control  Department 
East  Alton,  Illinois 
ATTN:  Mr.  F.  Becker 

3.-  Commanding  Officer 
Picatinny  Arsenal 
Dover,  New  Jersey 
ATTN:  Mr.  M.  Roth, 

Feltmen  Res  &  Eng  Lab 
ORDBB-TM-7-001 
Mr.  A.  Sokol,  0RDBB-DC7 
Mr.  A.  F.  Tashler, 

0RDBB-NR6 


1  -  Commanding  Officer 
Ordnance  Corps 
Radford  Arsenal 
Radford,  Virginia 
ATTN:  Mr.  E.  G.  Simpson 

(Hercules  Powder  Co.) 

1  -  Commander,  OML 

Army  Rocket  &  Guided  Missile  Agy 
Redstone  Arsenal,  Alabama 
ATTN:  Mr.  W.  W.  Howard, 

Bldg.  #7120 

1  •  Rohm  and  Haas  Coaq>any 
Redstone  Arsenal 
Research  Division 
Huntsville,  Alabama 
ATTN:  Dr.  K.  A.  Bocman 

1  •>  ThlcAiol  Chemical  Corporation 
Longhorn  Division 
Marshall,  Texas 
ATTN:  Mr.  L.  Long 

1  •  Commanding  Officer 

Longhorn  Ordnance  Works 
Marshall,  Texas 
ATTN:  Mr.  M.  R.  Kesling 

2  •  Stanford  Research  Institute 

Roulter  Laboratories 
Menlo  Park,  California 
ATTN:  Dr.  R.  F.  Muraca 
Dr.  Eugene  Burns 

1  •  Comaandlng  Officer 

U.  S.  Naval  Ammunition  and 
Net  Depot 

Seal  Beach,  California 
ATTN:  QE  Laboratory,  Tech. 
Library 
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1  •  C«nadUn  Amaaent  Res.  &  Dev. 
Esteblishoent 
P.  0.  Box  1427 
Quebec,  P.  Q.,  Canada 

I  >  Canadian  Arsenals,  Ltd. 
Valleyfleld, 

Quebec,  Canada 

1  -  Inspection  Services  of  Canada 
75  Patrick  Street 
Ottawa,  Ontario,  Canada 

1  -  Ministry  of  Supply 
Chemical  Inspectorate 
Bishopton,  Renfrewshire, 
Scotland 

3  -  Chief  of  Ordnance 

Department  of  the  Army 
Washington  25,  D.  C. 

ATTN:  ORDIM,  Eng.  Section 
ORDTX-AR 
0RDT3 

1  -  Commanding  General 

Aberdeen  Proving  Ground 
Aberdeen,  Maryland 
ATTN:  DRL,  ORDBG-RLI 

3  -  Comoanding  General 

Wright-Patterson  Air  Force  Base 
Dayton,  Ohio 
ATTN :  MCREXF 
WCRGn-2 
WCEGH-3 

1  -  Commanding  Officer 

Office  of  Ordnance  Research 
Box  CM,  Duke  Station 
Durham,  North  Carolina 


1  -  Comnandlng  General 
Redstone  Arsenal 
Huntsville,  Alabama 
ATTN:  ORC,  Technical  Library 

1  -  Coamanding  Officer 

U.  S.  Naval  Powder  Factory 
Indian  Head,  Maryland 
ATTN :  R&D  Department 

1  -  Cou&ar.dlng  General 

Ordnance  Ammunition  Command 
Joliet,  Illinois 
ATTN:  ORDLY-ARE, 

Technical  Library 

1  -  Commander 

Naval  Ordnance  Laboratory 
White  Oak,  Silver  Spring 
Maryland 
ATTN:  Library 

1  -  Commander 

U.  S.  Naval  Ordnance  Test  Sta 
P.  0.  China  Lake, 

Inyokern,  California 
ATTN;  Tech,  Library  Branch 

I  -  Department  of  the  Navy 
Bureau  of  Ordnance 
Washington  25,  D.  C. 

ATTN:  Section  Re 2a 

1  -  Commanding  General 

Ordnance  Training  Ground 
Aberdeen  Proving  Ground,  Md. 

1  -  U.  S.  Atomic  Energy  Commission 
Division  of  Military  Application 
Washington  25,  D.  C. 
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10  -  Goonaader 

Anted  Services  Technical  Info  Agy 
Arlington  Hall  Station 
Arlington  12,  Virginia 
ATTN:  TIPCR 


1  -  Solid  Propellant  Info  Agy 
Applied  Physics  Laboratory 
The  Johns  Hopkins  University 
8621  Georgia  Avenue 
Silver  Spring,  Maryland 
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5  10 

ML.  SODIUM  iCETAn  SOLDTIOM  (509() 

Figure  3*  Effect  of  amount  of  sodium  acetate  on  color 


Figure  4.  Effect  of  amount  of  sodium  acetate  on  pH 
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3  6,  Effect  of  time  of  boiling  on  color 
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